Localization of Rubella Virus Core Particles in Vero Cells  by Lee, Jia-Yee et al.
g
s
a
l
v
g
g
p
w
m
c
B
c
T
b
R
W
1
p
a
R
i
m
L
d
B
E
Virology 265, 110–119 (1999)
Article ID viro.1999.0016, available online at http://www.idealibrary.com on
0
C
ALocalization of Rubella Virus Core Particles in Vero Cells
Jia-Yee Lee,1 John A. Marshall, and D. Scott Bowden
Victorian Infectious Diseases Reference Laboratory, North Melbourne, Victoria, 3051 Australia
Received July 14, 1999; returned to author for revision August 10, 1999; accepted September 21, 1999
Rubella virus (RV) infection induces a variety of morphological changes in the host cell including the modification of
lysosomes to produce “replication complexes” and the alteration of mitochondrial morphology and distribution. The mor-
phogenesis of RV was further characterized with particular emphasis on the localization of RV core particles. Thin-section
electron microscopy (TSEM) studies indicated that RV core-like particles, measuring approximately 33 nm in diameter, were
found associated with RV replication complexes. Immunogold-labeling electron microscopy (EM) using monoclonal antibod-
ies to RV capsid proteins confirmed that these particles were viral cores. RV core particles were also detected in association
with mitochondria as observed by TSEM and immunogold-labeling EM using monoclonal antibodies to capsid or polyclonal
antibodies to RV virions. The results of this study indicate that the localization of RV core particles in relation to replication
complexes is similar to that found for the alphaviruses. However, the association of RV core particles with mitochondria
appears unique within the family Togaviridae. © 1999 Academic Press
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fINTRODUCTION
Rubella virus (RV), the only member of the Rubivirus
enus within the family Togaviridae, possesses a single-
tranded positive polarity 40S genomic RNA (Murphy et
l., 1995). RV is characterized by slow replication with a
ong eclipse phase of 8–12 h. In RV-infected cells, the
iral structural proteins are translated from a 24S sub-
enomic RNA corresponding to the 39 terminus of the RV
enome. Translation of the 24S RNA produces a 110-kDa
olyprotein precursor in the order NH2-C-E2-E1-COOH,
hich is co- and posttranslationally processed to ulti-
ately produce the three individual structural proteins,
apsid (33 kDa), E2 (42–48 kDa), and E1 (58 kDa) (Oker-
lom et al., 1984).
In the RV virion, the genomic RNA is enclosed within a
ore composed of multiple copies of the capsid protein.
he core is in turn surrounded by a host-derived lipid
ilayer, which is embedded with spikes comprising the
V glycoproteins, E1 and E2 (Oker-Blom et al., 1983;
axham and Wolinksy, 1983; Bowden and Westaway,
984). Maturation of RV virions occurs by a budding
rocess in which the nucleocapsids acquire an envelope
fter passing through host cell membranes. Budding of
V has been shown at the plasma membrane and at
ntracellular sites such as the Golgi complex, endoplas-
ic reticulum, and cytoplasmic vacuoles (Murphy, 1980;
ee et al., 1992).
1 To whom correspondence and reprint requests should be ad-
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110Molecular studies have shown that RV has a genomic
rganization and replication strategy similar to those of
emliki Forest virus (SFV) and Sindbis virus, two well-
haracterized members of the genus Alphavirus, the only
ther genus within the Togaviridae. We have since
hown that similarities between RV and alphavirus rep-
ication also extend to the ultrastructural level (Lee et al.,
992, 1994). Our studies have demonstrated the pres-
nce of RV replication complexes in the cytoplasm of
nfected cells; they were similar in morphology and func-
ion to the well-characterized alphavirus replication com-
lexes (Acheson and Tamm, 1967; Grimley et al., 1968,
972; Friedman et al., 1972; Froshauer et al., 1988). Both
he RV and the alphavirus replication complexes com-
rised membrane-bound vacuoles lined internally with
esicles containing thread-like inclusions. A distinctive
eature of RV replication complexes is the consistent
ssociation of the rough endoplasmic reticulum (RER)
ith the vacuole complex. For the alphaviruses, studies
ave shown that replication complexes are virus-modi-
ied endosomes and lysosomes that function as sites of
iral RNA synthesis (Froshauer et al., 1988). We recently
howed that RV replication complexes were also virus-
odified lysosomes (Magliano et al., 1998). Immunogold-
abeling electron microscopy (EM) studies using antibod-
es to double-stranded (ds) RNA indicated that the vesi-
les within the RV vacuole complex were the precise
ites of viral RNA synthesis (Lee et al., 1994).
While replication complexes represent a characteristic
eature of togavirus replication, we have also reported on
he detection of mitochondrial abnormalities in RV-in-
ected cells (Lee et al., 1996). These mitochondrial ab-
ormalities were characterized by the detection of elec-
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111LOCALIZATION OF RV CORE PARTICLESron-dense zones present between the outer membranes
f two apposing mitochondria, which we have termed
onfronting membranes. Late in RV infection, the majority
f the mitochondria in RV-infected cells form confronting
embranes and tend to acquire a club-shaped appear-
nce with significant loss of cristae. Moreover, the mito-
hondria in RV-infected cells often aggregated around
V replication complexes (Lee et al., 1996). The relation-
hip between the mitochondria and the RV replication
omplexes remains undefined.
Alphavirus replication complexes also appear to be
ites of viral nucleocapsid assembly, in addition to play-
ng a key role in virus replication (Froshauer et al., 1988;
ee et al., 1994). As RV replication complexes share so
any features with alphavirus replication complexes, it
s expected that the RV-induced structures should play a
imilar role. However, RV nucleocapsids have been re-
orted only at maturation sites (Holmes et al., 1969;
urphy, 1980). Thus, the aim of this study is to charac-
erize RV replication complexes in more detail by em-
loying immunogold-labeling EM techniques using RV-
pecific antibodies to investigate the localization of RV
ucleocapsids in infected Vero cells.
RESULTS
orphology and localization of RV core-like particles
We have previously identified several unusual cellular
orphological features associated with RV infection (Lee
t al., 1992, 1994, 1996). These features included the
resence of RV replication complexes and mitochondrial
bnormalities in the cytoplasm of RV-infected Vero cells.
common observation in RV-infected cells is the pres-
nce of spherical particles measuring approximately 33
m in diameter (mean 6 standard deviation 5 32.9 6 5.3
m; n 5 20) that were found in association with RV
eplication complexes (Fig. 1A) and mitochondria (Fig.
B); these particles often appeared as electron-lucent
tructures similarly observed in some mature virions
Fig. 1C). As these particles corresponded to the re-
orted size and appearance of RV core particles in ma-
ure virions (Hamvass et al., 1969; Holmes et al., 1969;
on Bonsdorff and Vaheri, 1969; Murphy, 1980), they have
een referred to as RV core-like particles. RV core-like
articles were not detected in mock-infected cells.
RV replication complex-associated core-like particles
ere often detected between the cytoplasmic side of the
eplication complex and the adjacent RER membrane;
hese particles were frequently found at the base of the
esicles that lined the vacuole of the replication complex
Fig. 1A). Occasionally RV core-like particles were found
ree in the cytoplasm although they were usually de-
ected in close proximity to the membrane of replication
omplexes. RV core-like particles were also frequently
een associated with or in close proximity to the outer
embrane of the mitochondria, which had formed elec- pron-dense zones with the outer membrane of an adja-
ent mitochondrion (Fig. 1B); we have previously termed
hese unusual mitochondrial junctions as confronting
embranes (Lee et al., 1996).
Thin-section electron microscopy (TSEM) studies were
lso performed on SFV-infected Vero cells to compare
he morphology and localization of SFV cores to those of
heir RV counterparts. In SFV-infected Vero cells, SFV
ores appeared as spherical electron-dense granular
articles measuring approximately 39 nm in diameter
mean 6 standard deviation 5 38.5 6 3.7 nm; n 5 15);
hese SFV particles corresponded to the size and mor-
hology of SFV core particles described by others (for
eview see Murphy, 1980). The SFV core particles were
ound on the cytoplasmic side of SFV replication com-
lexes (Fig. 2A), at cytoplasmic vacuoles (Fig. 2B), and at
he plasma membrane (Fig. 2C); SFV cores were not
etected in mock-infected cells. In contrast to RV core-
ike particles, SFV cores were not observed associated
ith mitochondria.
mmunogold-labeling EM
Immunogold-labeling EM using monoclonal antibod-
es to RV capsid or polyclonal antibodies to RV virions
as employed to confirm the identity of the core-like
articles detected in RV-infected Vero cells. The speci-
icity of the monoclonal antibodies to RV capsid and
abbit polyclonal antiserum to RV virions was assessed
y immunoblot analysis, immunofluorescence assay
IFA), and silver enhancement immunogold labeling us-
ng RV-infected or mock-infected Vero cells. In immuno-
lot assays, protein bands corresponding in size to RV
apsid protein (33 kDa) were detected in the RV-infected
ell lysates using monoclonal antibodies to capsid, and
rotein bands corresponding in size to RV capsid (33
Da), E1 (58 kDa), and E2 (42–46 kDa) were detected
sing the polyclonal antibody to RV; these protein bands
ere not detected in mock-infected cell lysates (results
ot shown). In IFA studies using monoclonal antibodies
o RV capsid, specific cytoplasmic fluorescent foci were
etected in RV-infected cells (Fig. 3A); fluorescent foci
ere not detected in mock-infected cells (Fig. 3B). In
ddition to IFA studies, silver enhancement immunogold
abeling was employed to assess by light microscopy the
pecificity of the RV-specific antibodies and the gold-
onjugated reagents. Foci of black deposits representing
ilver granules were observed in the cytoplasm of RV-
nfected cells using polyclonal antibodies to RV (Fig. 3C)
ut were not observed in mock-infected preparations
Fig. 3D). Taken collectively, these results showed the
pecificity of the respective antibodies.
Vero cells were mock-infected or infected with RV at a
ultiplicity of infection (m.o.i.) of 1–10 and at 48 h postin-
ection (p.i.) cells were harvested and processed for
reembedding immunogold-labeling EM using monoclo-
T
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112 LEE, MARSHALL, AND BOWDENFIG. 1. Core-like particles in RV-infected Vero cells. Vero cells inoculated with RV at a m.o.i. of 1–10 were harvested at 48 h p.i. and processed for
SEM. (A) A RV replication complex can be seen with characteristic vesicles (arrowheads) containing thread-like inclusions; note that the vesicles
ine the inner membrane of the vacuole (v). The RER (open arrows) is closely associated with the RV replication complex. RV core-like particles (solid
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113LOCALIZATION OF RV CORE PARTICLESFIG. 2. SFV core particles in infected Vero cells. Vero cells were inoculated with SFV at a m.o.i. of 10 and at 12 h p.i. the cells were harvested and
rocessed for TSEM as described under Materials and Methods. (A) SFV core particles (small solid arrows) were easily identified as electron-dense
articles at the cytoplasmic side of two replication complexes (large arrows); the replication complexes comprised vesicles (arrowheads) that lined
he inner membrane of the vacuole (v). Bar, 200 nm. SFV core particles (small arrows) were also detected lining cytoplasmic vacuoles (B) and at the
lasma membrane (PM) where they were in the process of budding from the cell (C). Note the mature SFV virions (long arrows) found extracellularlyn (C). Bars, 100 nm.rrows) can be seen at the cytoplasmic side of the replication complex, frequently in apposition to vesicles (arrowheads). Variation in core-like particle
ize is likely due to the angle of sectioning. Bar, 200 nm. (B) RV core-like particles (arrows) were also detected on the outer membrane of some
itochondria (m). Note the electron-dense zones (triangles) between two adjacent outer membranes of some mitochondria. Bar, 200 nm. (C) A typical
ature RV virion with an electron-lucent core (arrow). Bar, 100 nm.
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114 LEE, MARSHALL, AND BOWDENal antibodies to capsid (diluted 1/40) or rabbit poly-
lonal antibodies to RV (diluted 1/400). Gold-labeled RV
ore particles were detected at RV replication complexes
Fig. 4) in the immunogold-labeling EM procedure using
onoclonal antibodies to RV capsid. At times, gold-la-
eled amorphous material was detected in association
ith RV replication complexes, particularly on the cyto-
lasmic side, in apposition to vesicles lining the vacuole
Fig. 4). Gold-labeled core particles were also found
ssociated with the outer membrane of mitochondria
Fig. 5). Although the detergent treatment in the preem-
edding immunogold labeling procedure disrupted the
uter mitochondrial membrane and some cristae, mito-
hondria can be identified by their size, general morphol-
gy, and some remaining cristae; no other cellular or-
FIG. 3. Detection of RV specific proteins by IFA (A, B) or by light m
noculated with RV at a m.o.i. of 1–10 (A, C) or mock-infected (B, D) a
onoclonal antibodies to RV capsid protein or processed for silver en
V virions. In IFA preparations, cytoplasmic fluorescence staining (arrow
ells (B). In silver enhancement immunogold-labeling preparations, bla
V-infected cells (C) but were not observed in mock-infected cells (D)anelles in the cytoplasm of Vero cells have features eimilar to those of mitochondria. Gold-labeled core par-
icles were also detected in association with the mito-
hondria of RV-infected cells using polyclonal antibodies
o RV (Fig. 6A); in addition, gold-labeled virions were
etected in these RV-infected preparations (Fig. 6B).
old-labeled core particles were not observed in mock-
nfected preparations using monoclonal antibodies to
apsid or polyclonal antibodies to RV.
DISCUSSION
Previous studies on RV morphogenesis have reported
nly on the detection of RV core particles at virus matu-
ation sites such as intracytoplasmic vacuoles, the Golgi
omplex, and the plasma membrane (Murphy, 1980; Lee
pe silver enhancement immunogold labeling (C, D). Vero cells were
8 h p.i. the cells were harvested and processed for IFA (A, B) using
ent immunogold labeling (C, D) using rabbit polyclonal antibodies to
detected in RV-infected cells (A) but was not detected in mock-infected
osits representing silver granules were detected in the cytoplasm oficrosco
nd at 4
hancem
s) was
ck dept al., 1992). This is in contrast to alphavirus core parti-
t
p
r
115LOCALIZATION OF RV CORE PARTICLESFIG. 4. Detection of RV core particles at RV replication complexes following preembedding immunogold-labeling EM using monoclonal antibodies
o RV capsid protein. Gold (5 nm)-labeled RV core particles (large arrows) and amorphous material (small arrows) were often detected in close
roximity to RV replication complexes. Gold-labeled amorphous material (small arrows) can be seen at the base of vesicles (arrowheads) of theeplication complex (top and bottom) or associated with the RER (open arrow) (top). Bars, 100 nm. V, Vacuole.
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116 LEE, MARSHALL, AND BOWDENles, which have been reported not only at maturation
ites but also in association with alphavirus replication
FIG. 5. Detection of RV core particles in association with mitochon-
ria following preembedding immunogold-labeling EM using monoclo-
al antibodies to RV capsid protein. Gold (5 nm)-labeled core particles
large arrows) seen in close association with mitochondria or with
ytoplasmic membranes. Gold-labeled amorphous material (small ar-
ows) was localized on the cytoplasmic side of the replication complex
acuole (v) in apposition to vesicles (triangles) and in close proximity to
itochondria (M). Bar, 200 nm.omplexes (Grimley et al., 1968, 1972; Froshauer et al., R
arrow) at the plasma membrane. Bars, 100 nm.988). The alphavirus core particles have been com-
only referred to as nucleocapsids as it has been gen-
rally assumed that these particles comprised the cap-
id proteins and the viral genome. In alphavirus studies,
he viral nucleocapsids are easily identified as electron-
ense spherical particles. The high rate of alphavirus
eplication leading to high levels of nucleocapsid pro-
uction contributes to their ease of detection. As a result,
ost investigators have been confident in identifying
lphavirus nucleocapsids in TSEM studies without the
eed to employ immunogold-labeling EM using virus-
pecific antibodies. In contrast, RV core particles are
ore difficult to identify because of their low levels in the
ytoplasm of RV-infected cells. Consequently, it was nec-
ssary to employ immunogold-labeling EM to confirm
heir localization.
In this study we showed by immunogold-labeling EM
sing monoclonal antibodies to RV capsid protein that
pherical particles measuring approximately 33 nm in
iameter represented RV core particles. The morphology
f the RV cores observed in this study was found to
orrespond to those reported by others (Holmes et al.,
969; Murphy, 1980). Interestingly, the morphology of RV
ore particles was distinct from that of their alphavirus
ounterparts. The RV core particles were frequently ob-
erved to have an electron-lucent appearance, whereas
hose of the alphaviruses were electron-dense. This fea-
ure of RV core particles has been previously reported for
ature RV virions (Hamvass et al., 1969; Von Bonsdorff
nd Vaheri, 1969; Murphy, 1980; Lee et al., 1992; Doultree
t al., 1992). The difference in core morphology between
V and the alphaviruses may be attributed to differencesFIG. 6. Detection of (A) gold-labeled RV core particles and (B) gold-labeled RV virions following preembedding immunogold-labeling EM using rabbit
olyclonal antibodies to RV. (A) Gold (10 nm)-labeled RV core particles (solid arrows) associated with a mitochondrion (M). Note that remnants of the
itochondrial cristae (open arrows) can still be seen following detergent treatment. (B) Gold particles (10 nm) clustered around a mature RV virion
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117LOCALIZATION OF RV CORE PARTICLESn the organization of the respective viral genomes within
he nucleocapsid.
RV core particles were often detected at the base of
he vesicles that lined the inner membrane of the RV
eplication complex. At times, gold-labeled amorphous
aterial was detected at the base of the vesicles (Fig. 5)
nd it is likely that this represented unassembled capsid
roteins. The processing of the capsid, E2, and E1 pro-
eins occurs in the RER with the host signal peptidase
nvolved in cleaving the E2 from the capsid and the E2
rom E1. The attachment of the E2 signal peptide at the
arboxy terminus of the capsid protein tends to render
he protein hydrophobic; thus the capsid protein is likely
o remain attached to the RER membrane (Hobman and
illam, 1989; Hobman et al., 1990, 1994). Given the close
roximity of the RER to the replication complex, it is
onceivable that the capsid protein then associates with
ewly synthesized RV genomic RNA as the viral RNA is
xpelled from the vesicles of the replication complex
Lee et al., 1994). Hence, RV replication complexes may
orrespond to alphavirus replication complexes in that
hey too are sites of viral nucleocapsid assembly.
The association of RV cores with the outer membrane
f mitochondria is intriguing; no such association has
een reported for the alphaviruses. There appears to be
o mitochondrial targeting signal on the RV capsid pro-
ein as determined by protein analysis software, Prosite
Swiss Institute of Bioinformatics, Switzerland) or Blast
National Center for Biotechnology Information, Be-
hesda, MD). Thus, it is not known whether the RV capsid
rotein has specific affinity for mitochondrial membranes
r affinity for cell membranes in general. The RV capsid
rotein is a phosphorylated protein with a unique feature
n possessing an E2 signal peptide. The precise role of
he RV capsid protein-associated E2 signal peptide has
ot been determined although in vitro and in vivo studies
ave revealed that this peptide has affinity for mem-
ranes (Hobman and Gillam, 1989; Hobman et al., 1990,
994). Further studies are required to determine whether
his signal peptide or phosphorylation plays a role in
argeting the RV capsid proteins for assembly at mito-
hondria or whether assembled core particles localize to
he mitochondria. Interestingly, the alphavirus capsid
rotein differs from its RV counterpart as it functions as
n autoprotease that cleaves off the adjacent E2 signal
eptide from the carboxy-terminus of the capsid protein
Alperti and Schlesinger, 1978; Hahn and Strauss, 1990).
The mechanism of RV structural protein assembly
eading to virion formation is poorly understood. It is
enerally assumed that RV virion assembly is a two-
tage event involving the formation of the nucleocapsid
ollowed by its envelopment with a host-derived mem-
rane containing the RV glycoproteins, E1 and E2. These
vents were postulated to occur simultaneously at sites
f budding because viral nucleocapsids have been ob-
erved only at such sites (Murphy, 1980). However, the tetection of RV core particles in association with viral
eplication complexes and mitochondria is indicative that
V cores can exist as preassembled particles indepen-
ent of the budding process. This has been similarly
bserved for the alphavirus nucleocapsids, which are
ot only observed at the plasma membrane budding site
ut are readily detectable as preassembled nucleocap-
ids associated with cytoplasmic vacuoles (Fig. 3B). Al-
havirus budding is initiated by the interaction of nucleo-
apsids with the viral glycoproteins at the plasma mem-
rane (Suomalainen et al., 1992; Lopez et al., 1994). The
etection of preassembled RV cores in this study sug-
ested that the virus assembly process of RV resembles
hat of the alphaviruses. However, the assembly of the
V core is likely to occur at the RER membrane, rather
han freely in the cytoplasm as is the case for alphavi-
uses, because of the presence of the RV E2 signal
eptide within the capsid protein. Interestingly, recent
DNA transfection studies have shown that the assem-
ly of rubella virus-like particles appears significantly
ifferent from that of the alphaviruses (Garbutt et al.,
999).
We have previously highlighted some morphological
ifferences and similarities between the replication of RV
nd alphaviruses that justify the placement of RV in a
eparate genus from the alphaviruses within the family
ogaviridae (Lee et al., 1994; Magliano et al., 1998). While
V shares common features with the alphaviruses in
erms of core particle localization at replication com-
lexes, the detection of RV core particles in association
ith mitochondria is distinctive to RV. Current studies are
n progress to determine whether there is an association
etween RV core particle localization at the outer mito-
hondrial membrane and the formation of confronting
embranes.
MATERIALS AND METHODS
ells and virus
Vero cells were grown in Medium 199 (M199; CSL Ltd.,
ustralia) containing 5% (v/v) heat-inactivated fetal calf
erum (Flow Laboratories, Australia) supplemented with
00 units/ml penicillin and 100 mg/ml streptomycin. RV
Putnam strain) and SFV were cultured in Vero cells as
escribed previously (Lee et al., 1992). Cells inoculated
ith RV or SFV were maintained in M199 supplemented
ith 0.1% (w/v) bovine serum albumin (BSA).
reparation of immunogen
Vero cells grown in 150-cm2 flasks (Nunc, Denmark)
ere inoculated with RV at a m.o.i. of 10 and maintained
n M199 medium supplemented with 0.1% (w/v) BSA and
% (v/v) dimethyl sulfoxide. Infected culture fluid col-
ected at 24, 48, and 72 h p.i. was clarified and concen-
rated as described previously (Lee et al., 1992). The
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118 LEE, MARSHALL, AND BOWDENoncentrated virus was then purified in a 15–30% (w/v)
radient of sucrose in Tris–saline buffer (0.12 M Tris–HCl,
H 6.8, 0.12 M NaCl), which was subjected to rate-zonal
edimentation at 40,000 rpm using a SW41 rotor in a
eckman L8-70 ultracentrifuge. Fractions were collected
rom the gradient and titrated for RV hemagglutinin (HA)
ccording to the method of Liebhaber (1970). Peak virus
ractions were pooled, diluted in Tris–saline buffer, and
elleted at 55,000 rpm using a SW60 rotor. The virus
ellet was resuspended in a minimal volume of Tris–
aline buffer for inoculation into rabbits.
mmunization protocol
An aliquot of 200 ml of purified RV in Tris–saline buffer
ontaining 20,000 HA units was emulsified in an equal
olume of Freund’s incomplete adjuvant. The mixture
as then injected intradermally into rabbits. Two addi-
ional injections containing a similar titer of RV HA were
dministered intradermally at intervals of 3 weeks; the
hird injection was administered without adjuvant. Serum
as collected a week later by cardiac puncture.
mmunofluorescence assay
Vero cells grown in 25-cm2 flasks (Nunc) were mock-
nfected or infected with RV at a m.o.i. of 1–10. At appro-
riate times p.i., the coverslip cultures were processed
or IFA as described previously (Lee et al., 1994). Briefly,
ells were fixed in absolute methanol at room tempera-
ure for 5 min or in cold acetone for 1 min and incubated
ith monoclonal antibodies to RV capsid (Chemicon,
emecula, CA) diluted 1/10 in diluent buffer (phosphate-
uffered saline (PBS) containing 1% (w/v) BSA) or with
abbit polyclonal antibodies to RV virions, diluted 1/400 in
iluent buffer followed by reaction with the appropriate
luorescein isothiocyanate-conjugated immunoglobulin
Dako, Carpinteria, CA). After 1 h at room temperature,
he cells were washed in PBS, mounted with fluores-
ence mounting fluid, and viewed using an Axiovert MC
00 microscope (Zeiss, Germany). Photography was per-
ormed using ASA 400 Fujichrome slide film.
hin-section electron microscopy
Vero cells grown in 25-cm2 flasks (Nunc) were mock-
nfected or infected with RV at a m.o.i. of 1–10 or with SFV
t a m.o.i. of 10. At appropriate times p.i., cells were
arvested and processed for TSEM. Briefly, cells were
ashed in Hanks’ balanced salt solution and incubated
n a minimal volume of 0.125% (w/v) trypsin/0.2% (w/v)
ersene for 5 min at 37°C. The resulting cell suspension
as pelleted by low-speed centrifugation at 2000 g for 5
in, washed in 0.1 M Sorensen phosphate buffer (SPB),
H 7.3 and fixed in 2% (w/v) glutaraldehyde/SPB for 2 h at
°C. After several washes in SPB, the pellet underwent
econdary fixation with 1% (w/v) osmium tetroxide/SPBor 1 h at 4°C. Pellets were rinsed in distilled water, pehydrated in graded ethanols, cleared in propylene
xide (PO), and embedded in LX112 (Ladd Research
ndustries, Inc., Williston, VT). Ultrathin sections with
ilver and gold interference color were mounted on un-
oated 200-mesh copper grids and stained with uranyl
cetate (Stempak and Ward, 1964) and lead citrate (Rey-
olds, 1963). The sections were examined in a Philips
01 or Philips CM12 electron microscope.
reembedding immunogold-labeling EM
Mock-infected and RV-infected Vero cells were har-
ested at appropriate times p.i. and processed for
reembedding immunogold-labeling EM as described
reviously (Lee et al., 1994). Briefly, cells were fixed for 5
in in 0.1% (w/v) glutaraldehyde/1% (w/v) paraformalde-
yde/SPB and then treated with 0.002% saponin/SPB for
min. After several washes in SPB, the cells were
ncubated overnight at 4°C with polyclonal antibodies to
V diluted 1/400 in 1% (v/v) Tween 20/SPB or with mono-
lonal antibodies to RV capsid diluted 1/40. This is then
ollowed by an overnight incubation at 4°C with Protein
–gold (10 nm) (Amersham) diluted 1/10 in 0.5% (w/v)
SA/SPB or gold-labeled (5 nm) anti-mouse immuno-
lobulin (Amersham) diluted 1/25. The cells were then
efixed in 2.5% (w/v) glutaraldehyde/2% (w/v) paraformal-
ehyde/SPB for 1 h at 4°C followed by fixation in 1% (w/v)
smium tetroxide/SPB for 1 h at 4°C. After dehydration in
raded ethanols followed by clearing in PO, the cells
ere embedded in Spurr resin (Ladd Research Indus-
ries). Ultrathin sections were prepared for viewing as
escribed above.
ilver enhancement immunogold labeling for light
icroscopy
Coverslip cultures were fixed and reacted with rabbit
olyclonal antibodies to RV followed by reactivity with
rotein A–gold (10 nm) using the procedure described for
reembedding immunogold-labeling EM. Silver en-
ancement of gold particles was performed using the
ntenSE silver enhancement kit (Amersham) according to
he manufacturer’s protocol. After development of silver
ranules the reaction was stopped by several rinses with
istilled H2O. The cells were then counterstained with
arris’ hematoxylin, rinsed, and dehydrated in graded
thanols before being mounted with DePex. Slides were
iewed under a light microscope (Reichert-Jung, Ger-
any).
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